Oral biofilm and its molecular analysis provide a basis for investigating various dental research and clinical questions. Knowledge of biofilm composition leads to a better understanding of cariogenic and periopathogenic mechanisms. Microbial changes taking place in the oral cavity during childhood are of interest for several reasons. The evolution of the child oral microbiota and shifts in its composition need to be analyzed further to understand and possibly prevent the onset of disease. At the same time, advanced knowledge of the natural composition of oral biofilm is needed. Early stages of caries-free permanent dentition with healthy gums provide a widely unaffected subgingival habitat that can serve as an in situ baseline for studying features of oral health and disease. Analysis of children's oral biofilm during different stages in life is thus an important theme in the field. Modern molecular analysis methods can provide comprehensive information about the bacterial diversity of such biofilms. To enable microbiota data comparison, it is important to standardize each step in the procedure for molecular data generation. This procedure spans from clinical sampling, Next Generation Sequencing (NGS), bioinformatic data processing, to taxonomic interpretation. One of the most critical factors here is biofilm sampling. Sampling in children is even more challenging in particular due to limited space in subgingival areas. We thus focus on the use of paper points for subgingival sampling. This article provides a detailed protocol for oral biofilm sampling of the subgingival sulcus, the mucosa, and saliva in children.
Introduction
Human oral biofilm comprises a broad community consisting mostly of commensals and beneficial microorganisms 1, 2, 3 . Species found here colonize all niches that the oral cavity offers 4, 5, 6 . Biofilm composition in these niches varies as widely as the habitats. Saliva for example displays different bacterial profiles than plaque samples. In plaque samples of healthy adults, the relative abundance of Actinobacteria is over 20%, while less than 7% is found in saliva. Bacteroidetes and Firmicutes in contrast appear in much higher numbers in saliva 7 . Thus, it is important to sample at different locations in the mouth in order to get the whole picture. Additionally, various factors such as geographic and ethnic differences, age, sex, and many other factors make it difficult to identify general rules for biofilm development and disease onset 8, 9 . For many years the investigation of periopathogenic and cariogenic biofilm has been a central concern 8, 10, 11, 12, 13 .
In recent years, research on healthy subjects has gained importance not only for a broader understanding of disease but also for the implementation of preventive measures 14 . New technologies and molecular analyses further elucidate oral biofilm formation and function 15, 16 , and enable the complete profiling of microbial diversity 17, 18 . This is expected to also lead to a new understanding of microbial changes during orthodontic therapy 19 . An impact on the development of orthodontic biomaterials is foreseeable. The enhanced perspective will shed new light on complications of orthodontic therapy associated with biofilm, such as enamel demineralization and periodontal diseases 12, 20, 21 . To permit worldwide data comparisons, it is crucial to standardize all steps in data generation. Minor changes in laboratory procedures can strongly influence the results. In addition, the use of varying computational platforms in data processing can lead to non-comparable datasets. Lastly, the choice of statistical tests and corrections has an influence on the results. However, sampling bias can already occur long before any lab work or bio-computing commences. Non-standardized sampling methods lead to an inherently biased study. In view of low to moderate levels of standardization in the relevant studies, little evidence exists on the relationship between orthodontics and microbiomes Modern molecular analysis methods such as the NGS method 454-pyrosequencing give an overview of the complete microbiota of a sample. The DNA of thousands of bacteria is identified simultaneously at different phylogenetic levels over the 16s rRNA sequence differences. Bioinformatic platforms need to be generated as a means of structuring into clusters the information retrieved from the large data sets. Statistical analysis can then be applied to microbiota datasets.
The overall relative abundance of certain bacterial species can be analyzed as can shifts in the microbiota due to changing habitat conditions. Bar charts (Figure 11 ) and heatmaps (Figure 12 ) display the subgingival bacterial composition at phylum level or at order level. Various individuals and treatments can be compared by descriptive and inferential statistics. Figure 13 presents a histogram comparison of two modes of subgingival paper point sampling at different taxonomic levels. Table 1 shows the shift in biofilm composition during an in vitro study comparing two time points (T1 and T3). Statistically significant changes were calculated with Wilcoxon signed-rank test and following Bonferroni correction from the 454-pyrosequencing data.
Finally, Principal Coordinate Analysis (PCoA) enables direct 3D comparison at Operational Taxonomic Unit (OTU) level as identified in different samples. The PCoA plots in Figure 14 display intra-and inter-individual differences of the subgingival microbiome in a case series of five children. Figure 15 shows the results of an orthodontic case-control study: pink to red dots are the cases, light to dark blue dots are the controls, all sampled repeatedly over a period of four months. A clear clustering of the cases after the orthodontic intervention (red dots) represents a shift in the microbiome. Blue dots, representing the control group, are evenly distributed. 
Discussion
Bacteria are found at all sites within the oral cavity 24, 25, 26 . Many studies have focused on the use of saliva as a sampling medium to map oral colonization as it can easily be sampled through spitting 27, 28, 29, 30, 31, 32 . However, salivary biofilm does not reflect subgingival biofilm composition. Thus, the use of other sampling methods is crucial for creating the whole picture, and will evoke new discussions in dental research.Several articles compare the use of curettes and paper points for subgingival sampling of periodontally diseased subjects 8, 33, 34 . Yet no research group is known to have focused on the application of standardized sampling devices for different age groups, especially for children 19 .
In this video, oral biofilm sampling of three oral habitats in healthy children is presented.
Modifications and Troubleshooting:
The aim of the manuscript focuses on the clinical protocol for subgingival biofilm sampling of healthy children. The method of choice refers to sound subgingival sulci where limited space makes sampling especially challenging. In this video the method was applied to early permanent dentition. It can also be applied to mixed or mature dentition, and to children and/or adults. Our sampling method allows for modifications such as single or pooled samples. The latter might become a crucial factor for molecular analyses due to the small amount of DNA collectable from the healthy subgingival sulcus. The choice of the index teeth may be modified on demand; in particular, another tooth may be sampled as an alternative when the epithelium is traumatized and bleeding, thus making the paper point unusable. Parallel sampling using two paper points simultaneously at one site renders sample replicates in one step, in addition to shortening the chair time for children.
With slight modifications diseased periodontal pockets can be sampled. Here paper points will need to be inserted to the full length of the pocket, which can reach up to 10 mm. The length and conus of paper points as well as the depth of insertion must be adapted to the intraoral habitat of interest, but should always be standardized by material and dimensions. Samples can also be taken from the mucosa using paper points. Identical protocols allow comparisons of different oral habitats and various dental materials. Patient preparation and sample storage can be performed as described in this video. For metatranscriptome research, RNA could be sampled with the same method. Thus, after sampling, the paper points should be inserted directly in RNA stabilization solution.
Limitations of the Technique:
Regardless of modifications, the clinical sampling method we describe is limited to the sound subgingival sulcus. Other sampling sites, as for example periodontally diseased pockets, were not part of our study design. As sampling to the full depth of such pockets is needed, paper points might not be large enough to collect samples sufficiently. If the experimental goal is to compare data sampled from sound subgingival sulci and periodontally diseased pockets, it is important to be aware of the inherent bias that is associated with different clinical sampling methods. It therefore is not advisable to compare such data.
A limitation of the method presented here is sampling without the subsequent use of propidium monoazide. Adding this agent directly after sampling allows for specific analysis of only the living cells in the biofilm analyzed. The sampling method described here reflects numbers of living and dead cells. For research of severe periodontitis, paper points will probably need to be replaced by curettes, as biofilm formation in deep pockets is strong. Paper point sampling might not reflect the entire microbial spectrum in these cases, as their surface might be saturated too quickly.
Significance with Respect to Existing Methods:
The proposed manuscript is the first of its kind to standardize subgingival sampling in the healthy sulcus with paper points. Other reports have referred to the use of metal curettes 35, 36 or paper points 37, 38, 39 , but did not describe the processes that take place prior to sampling, such as plaque control, tooth cleaning, tooth isolation, and drying, as well as the processes that result from inadequate specifications on the sampling technique and time lines.
In two previous articles, we show that the use of paper points is a reproducible method for subgingival biofilm sampling in children 22, 40 . Due to their design, curettes are too large for the shallow sulcus with limited space and too sharp for the tender junctional epithelium. It is crucial to access the subgingival sulcus without traumatizing the epithelium. In this way, bias arising from bleeding is avoided. Thus, the use of the slim and tender paper points is preferred for this area. Paper points are functional to monitor changes in biofilm composition during orthodontic treatment 21, 41 . They are slim and flexible enough to fit between the elements of fixed orthodontic appliances. This is a major advantage to other sampling methods like curettes. Atraumatic sampling is simplified and sampling of small amounts of DNA is possible.
Future Applications:
In this video we demonstrated the method on non-diseased, early, permanent dentition. It also can be applied to mixed or mature dentition. With some adaptations it is possible to sample periodontally diseased sites like teeth or implants and other niches due to dental materials by following the same protocol. Caries research could benefit from this standardized protocol, in particular studies on root caries. The most important lecture from our sampling video is standardization of the protocols to make data comparable, no matter what and how samples are measured. Future video demonstrations could enhance the field of clinical sampling in general.
Oral biofilm obtained as shown in the video is used in clinics and for scientific investigations. This in vivo approach represents a good addition to in vitro molecular techniques such as fluorescence in situ hybridization and confocal laser scanning microscopy
